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DESCRIPTION 



_LMK^JKT HE AD AND TN K J ET TV PJS . RECORDING APPAR ATUS^ 
TECHNICAL FIELD 

The present invention relates to an ink jet head and 
an ink jet type recording apparatus incorporating the same. 

BACKGROUND ART 

Ink jet heads for recording information by utilizing 
a piezoelectric effect of piezoelectric elements have been 
known in the prior art, as disclosed in, for example, 
Japanese Laid-Open Patent Publication No. 5-18735. An ink 
jet head of this type is provided with actuators having 
piezoelectric elements, and is configured to discharge ink 
through nozzles by the action of the actuators. 

Typically, a plurality of pressure chambers to which 
ink is supplied and a common ink chamber communicated to the 
pressure chambers are formed separately from each other in a 
head body- A plurality of nozzles respectively corresponding 
to the pressure chambers are formed on the reverse side 
surface of the head body- On the other hand, a vibration 
plate, a common electrode,, a piezoelectric element and a 
separate electrode are deposited in this order on the front 
side surface of the head body, and the vibration plate, the 
common electrode, the piezoelectric element and the separate 



electrode together form an actuator for discharging ink 
through a nozzle by applying a pressure on the pressure 
chamber . 

In order to drive the actuator, there is needed a 
driver IC, separately from the head body, for outputting a 
driving signal to the actuator- When the driver IC is 
provided on the printer body, it is necessary to extend the 
same number of driving signal lines as the number of nozzles 
from the printer body to the head body by using an FPC, or 
the like. Thus, there was a problem that the total length of 
the driving signal lines increases. 

In view of this, as a technique for shortening the 
driving signal lines, there has been proposed a technique of 
providing the driver IC near the side surface of the head 
body (the surface perpendicular to the surface along which 
nozzles are arranged), and providing the same number of 
driving signal lines as the number of nozzles from the driver 
IC near the head body to the head body via an FPC, or the 
like. Moreover, in the ink jet head disclosed in Japanese 
Laid-open Patent Publication No. 5-18735, supra, a driver IC 
121 is mounted on a vibration plate 103 of a head body 100 as 
illustrated in FIG. 19, so that the only signal lines between 
the printer body and the head body are the signal lines for 
IC driving. Specifically, the driver IC 121 is mounted in 
parallel beside piezoelectric elements 102 and a common 
electrode 104. Note that in FIG. 19, 122 is a line pattern 



for connecting the driver IC 121 and separate electrodes to 
each other* 

However, with the way of mounting disclosed in the 
above-identified publication, the driver IC 121 is simply 
directly mounted on the vibration plate 103 with no special 
modification. Therefore, it was necessary to arrange the 
driver IC 121 in parallel to and remotely from the 
piezoelectric element 102 so as to avoid the area of the 
vibration plate 103 where it actually vibrates (the area 
where the actuators 102 are provided). Stated conversely, it 
was necessary to ensure an additional space on the surface of 
the head body for mounting the driver IC 121. Moreover, 
since the driver IC 121 is provided remotely from the 
actuators 102 as described above, it was necessary to extend 
the lines 122 from the actuators 102 to the driver IC 121, 
thereby inevitably increasing the length of the lines 122. 
Therefore, the surface area of the head body 100 increased, 
and it was unavoidable for the ink jet head as a whole to be 
large in size. Note that such a problem similarly occurs in 
other arrangements where the driver IC is provided near a 
side surface of the head body. 

Moreover, in the conventional head, driver IC 121 was 
made of a semiconductor material such as silicon, whereas the 
head body was made of a resin material, or the like. In such 
a case, the coefficient of linear expansion of the material 
of the driver IC and that of the material of the head body 



are substantially different from each other. For example, 
while the coefficient of linear expansion of silicon is 
2 .5xl0~ 6 [ 1/°C] , the coefficient of linear expansion of a 
resin material is larger than this by one order of magnitude 
or more. Therefore, in a case where the driver IC is mounted 
on the head body by flip chip bonding, wherein solder bumps, 
or the like, between terminals are melted by heating, contact 
failure between terminals was likely to occur due to the 
difference therebetween in the degree of thermal expansion. 
Moreover, even if a desirable connection was obtained when 
heated, thermal contraction occurred along with the 
subsequent decrease in temperature, resulting in peeling off 
of the terminals in some cases. 

Particularly, the density of the head has recently 
been increased, whereby the interval between actuator 
terminals is becoming shorter and shorter- Thus, even a 
slight difference in the degree of thermal expansion and 
thermal contraction between the driver IC and the head body 
may lead to contact failure between terminals, thereby 
extremely reducing the yield of the product. 

Moreover, the following problem exists which is 
characteristic of piezo type ink jet heads. That is, a piezo 
type ink jet head discharges ink by flexural deformation of 
actuators. Therefore, as the rigidity of the actuators 
changes, the ink discharging performance (e.g., the ink 
discharge velocity, the discharge amount, the driving 
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frequency, etc.) changes. When the degree of thermal 
deformation of the driver IC differs from that of the head 
body, the head body (particularly, the actuators) undergoes a 
residual stress, i.e., a tensile shear force or a compression 
shear force, from the driver IC, whereby the rigidity of the 
actuators changes. Specifically, when an actuator undergoes 
a tensile shear force, the rigidity thereof increases and it 
becomes less flexible, whereas when it undergoes a 
compression shear force, the rigidity thereof decreases and 
it becomes more flexible. Thus, there was a problem that 
when the coefficient of linear expansion of the driver IC is 
substantially different from that of the head body, the 
rigidity of the actuators changes, thereby making the ink 
discharging performance instable. 

Moreover, a difference in coefficient of linear 
expansion between the driver IC and the head body might 
possibly cause warping of the head body. As a result, the 
striking positions of ink droplets discharged from nozzles at 
both ends of the head body might possibly be shifted from the 
intended positions. 

The present invention has been made in view of the 
above, and has an object to facilitate downsizing of an ink 
jet head. 

Another object is to prevent contact failure between 
terminals and deterioration of the discharging performance 
due to thermal expansion and thermal contraction, thereby 
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improving the reliability and the yield of a head. 

DISCLOSURE OF THE INVENTION 

According to one aspect of the present invention, a 
5 driver IC is mounted on a head body by face down bonding with 
a modification to the arrangement of signal input terminals 
of actuators* 

According to another aspect of the present invention, 
at least a driver IC side portion of the head body is made of 
£10 a material whose coefficient of linear expansion is the same, 

a 

H 5 or substantially the same, as that of the driver IC, 

W According to a first aspect of the present invention, 

W there is provided an ink jet head, including a head body 

t; which is provided with a plurality of nozzles and a plurality 

%5 of pressure chambers and actuators respectively corresponding 
to the nozzles, and a driver IC for outputting driving 
signals for driving the actuators, wherein: the actuators are 
arranged on a surface of the head body in a plurality of 
columns so as to form a plurality of actuator columns; signal 
20 input terminals of the actuators are arranged locally in a 
predetermined area between the actuator columns; the driver 
IC is provided with signal output terminals arranged so as to 
respectively correspond to the signal input terminals of the 
actuators; and the driver IC is mounted on the head body by 
25 face down bonding so that the signal output terminals and the 
signal input terminals are connected to each other. 
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Thus, since the driver IC is mounted on the head body 
by face down bonding, with the driver IC facing the head body, 
it is not necessary to provide a space on the head body for 
mounting the driver IC, thereby downsizing the head. 
5 Moreover, since the signal input terminals of the actuators 
are arranged locally between actuator columns, the signal 
lines are shortened and the head is downsized, unlike in the 
prior art where the signal input terminals are provided 
remotely from the actuators* Moreover, since the signal 
jJO output terminals of the driver IC are locally arranged so as 
H= to respectively correspond to the signal input terminals of 

UJ the actuators, mounting by face down bonding is facilitated. 

UJ A second aspect of the present invention is the first 

H; aspect of the present invention, wherein s each of the 

Q 

'$S actuator columns extends in a direction perpendicular to a 
^ scanning direction; and the signal input terminals of the 

actuators are arranged in a direction perpendicular to the 
scanning direction on the surface of the head body in a 
central portion thereof with respect to the scanning 
20 direction. 

Thus, since the signal input terminals are arranged 
in the central portion of the head body with respect to the 
scanning direction, the distance between the signal input 
terminals to the actuators is shortened, thereby downsizing 
25 the head. 

A third aspect of the present invention is the second 
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aspect of the present invention, wherein: the actuator 
columns include a first central actuator column and a second 
central actuator column adjacent to each other in a central 
portion of the head body with respect to the scanning 
direction, and one or more outer actuator column provided on 
an outer side of the central actuator columns with respect to 
the scanning direction; the signal input terminals of the 
actuators are arranged between the first central actuator 
column and the second central actuator column; and the 
actuators of each outer actuator column and the signal input 
terminals thereof are connected to each other by signal lines 
passing between actuators of one of the central actuator 
columns . 

Thus, a signal line extending from each actuator of 
the outer actuator column passes between actuators of one 
central actuator column so as to be connected to one of the 
signal input terminals provided in the central portion of the 
body part with respect to the scanning direction. Therefore, 
each space between actuators is efficiently used as a space 
for providing a signal line, thereby facilitating downsizing 
of the head. 

A fourth aspect of the present invention is the third 
aspect of the present invention, wherein the actuators of 
each actuator column are arranged at regular intervals so as 
to be shifted from the actuators of any other actuator column 
in a direction perpendicular to the scanning direction. 



Thus, since actuators of different actuator columns 
are shifted from each other in a direction perpendicular to 
the scanning direction (hereinafter referred to as the 
"perpendicular direction"), the actuators (as well as the 
nozzles and the pressure chambers) are arranged at intervals 
narrower than the actuator interval of each actuator column. 
This facilitates an increase in the actuator density, and 
also facilitates downsizing of the head and an increase in 
the ink dot density. 

According to a fifth aspect of the present invention, 
there is provided an ink jet head, including a head body 
which is provided with a plurality of nozzles and a plurality 
of pressure chambers and actuators respectively corresponding 
to the nozzles, and a driver IC for outputting driving 
signals for driving the actuators, wherein: the actuators are 
arranged on a surface of the head body; a signal input 
terminal of each actuator is provided on the surface of the 
head body near the actuator; the driver IC is provided with 
signal output terminals provided so as to respectively 
correspond to the signal input terminals of the actuators; 
and the driver IC is mounted on the head body by face down 
bonding so that the signal output terminals and the signal 
input terminals are connected to each other. 

Thus, since the driver IC is mounted on the head body 
by face down bonding, with the driver IC facing the head body, 
it is not necessary to provide a space on the head body for 



mounting the driver IC, thereby downsizing the head. 
Moreover, since the signal input terminal of each actuator is 
provided near the actuator, it is possible to shorten the 
signal line for connecting the actuator and the signal input 
terminal to each other- Moreover, by arranging each signal 
input terminal near an actuator so as to be continuous with 
the actuator, it is possible to eliminate the signal line. 
Therefore, the space for arranging the signal lines is 
reduced or eliminated, thereby downsizing the head. 

A sixth aspect of the present invention is the fifth 
aspect of the present invention, wherein: the actuators form 
a plurality of actuator columns each including a plurality of 
actuators arranged at regular intervals in a direction 
perpendicular to the scanning direction; and the actuators of 
each actuator column are arranged so as to be shifted from 
the actuators of any other actuator column in the direction 
perpendicular to the scanning direction. 

Thus, an increase in the density of the actuators (as 
well as the nozzles and the pressure chambers) is facilitated, 
thereby downsizing the head and increasing the ink dot 
density. 

A seventh aspect of the present invention is the 
fourth or sixth aspect of the present invention, wherein the 
actuators are arranged in a staggered pattern. 

Thus, an increase in the density of the head is 
further facilitated. 



11 



According to an eighth aspect of the present 
invention, there is provided an ink jet head, including a 
head body which is provided with a plurality of nozzles and a 
plurality of pressure chambers and actuators respectively 
5 corresponding to the nozzles, and a driver IC for outputting 
driving signals for driving the actuators, wherein: the 
driver IC is attached to the head body; and at least a driver 
IC side portion of the head body is made of the same material 
as the driver IC. 

fjO According to a ninth aspect of the present invention, 

M there is provided an ink jet head, including a head body 

ly which is provided with a plurality of nozzles and a plurality 

CO of pressure chambers and actuators respectively corresponding 

H to the nozzles, and a driver IC for outputting driving 

w 

P|5 signals for driving the actuators, wherein: the driver IC is 

ar:S= 

p mounted on the head body by flip chip bonding; and at least a 

driver IC side portion of the head body is made of the same 
material as the driver IC. 

Thus, since the driver IC side portion of the head 

20 body and the driver IC are made of the same material, the 
amount of thermal deformation (thermal expansion or thermal 
contraction) will be about the same. Therefore, there is no 
relative displacement (positional shift) therebetween, and a 
desirable contact between the signal output terminals of the 

25 driver IC and the signal input terminals of the head body is 
maintained. Moreover, since the head body does not undergo 
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an extra stress from the driver IC, the discharging 
performance of the head does not deteriorate. 

A tenth aspect of the present invention is the ninth 
aspect of the present invention, wherein: the head body 
includes a body part provided with a plurality of nozzles and 
a plurality of pressure chamber depressions respectively 
corresponding to the nozzles; each actuator includes a 
vibration plate provided on a surface of the body part so as 
to cover the pressure chamber depressions to define pressure 
chambers, piezoelectric elements individually provided on the 
surface of the vibration plate so as to respectively 
correspond to the pressure chambers, and separate electrodes 
provided on one side of the piezoelectric elements; signal 
input terminals to be connected to signal output terminals of 
the driver IC are respectively connected to the separate 
electrodes of the actuators; and at least a front side 
portion of the body part is made of the same material as the 
driver IC. 

Thus, the amount of thermal deformation of the driver 
IC is about the same as that of the front side portion of the 
body part. Since the vibration plate is thinner than the 
body part, the amount of displacement of the signal input 
terminals will substantially depend on the amount of thermal 
deformation of the body part. Therefore, the relative 
displacement between the signal output terminals of the 
driver IC and the signal input terminals of the actuators 
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will consequently be small, thereby maintaining a good 
contact between the terminals - 

An eleventh aspect of the present invention is the 
ninth aspect of the present invention , wherein: the head body 
includes a body part provided with a plurality of nozzles and 
a plurality of pressure chamber depressions respectively 
corresponding to the nozzles; each actuator includes a 
vibration plate provided on a surface of the body part so as 
to cover the pressure chamber depressions to define pressure 
chambers, and piezoelectric elements individually provided on 
the surface of the vibration plate so as to respectively 
correspond to the pressure chambers, each piezoelectric 
element being sandwiched between a common electrode and a 
separate electrode; signal input terminals for connecting the 
separate electrodes of the actuators respectively to signal 
output terminals of the driver IC are provided on the surface 
of the vibration plate; and the vibration plate is made of 
the same material as the driver IC. 

Thus, the signal input terminals are provided on the 
surface of the vibration plate which is made of the same 
material as the driver IC, and the amount of thermal 
deformation of the driver IC is the same as that of the 
vibration plate, whereby the amount of displacement of the 
signal input terminals will be equal to that of the signal 
output terminals. Therefore, there is no positional shift 
between the signal input terminals and the signal output 
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terminals, thereby maintaining a desirable contact 
therebetween. 

A twelfth aspect of the present invention is the 
tenth or eleventh aspect of the present invention , wherein an 
5 entirety of the body part is made of the same material as the 
driver IC. 

Thus, since the entirety of the body part thermally 
expands or thermally contracts to about the same degree as 
does the driver IC, the contact between the signal output 
l%0 terminals and the signal input terminals is maintained at a 

B 

U high level. 

Lj A thirteen aspect of the present invention is the 

SO eighth or ninth aspect of the present invention, wherein the 

H driver IC is made of silicon- 

t|5 Thus, using silicon, which is easy to process, makes 

H the production of the driver IC easier. 

According to a fourteenth aspect of the present 
invention, there is provided an ink jet head, including a 
head body which is provided with a plurality of nozzles and a 
20 plurality of pressure chambers and actuators respectively 
corresponding to the nozzles, and a driver IC for outputting 
driving signals for driving the actuators, wherein: the 
driver IC is attached to the head body; and at least a driver 
IC side portion of the head body is made of a material whose 
25 coefficient of linear expansion is substantially equal to 
that of the driver IC. 
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According to a fifteenth aspect of the present 
invention, there is provided an ink jet head, including a 
head body which is provided with a plurality of nozzles and a 
plurality of pressure chambers and actuators respectively 
5 corresponding to the nozzles, and a driver IC for outputting 
driving signals for driving the actuators, wherein: the 
driver IC is mounted on the head body by flip chip bonding so 
that signal input terminals of the actuators and signal 
output terminals of the driver IC are connected to each 
jJO other; and at least a driver IC side portion of the head body 
U is made of a material whose coefficient of linear expansion 

UJ is substantially equal to that of the driver IC. 

Ifi 

CO Thus, the amount of thermal deformation of the driver 

M ic side portion of the head body will be about the same as 

.--in 

f|5 that of the driver IC. Therefore, the amount of relative 

piss 

jp displacement therebetween becomes very small, thereby 

maintaining a desirable contact between the signal output 
terminals of the driver IC and the signal input terminals of 
the head body. Moreover, deterioration of the ink 

20 discharging performance of the head is suppressed. 

A sixteenth aspect of the present invention is any 
one of the eighth, ninth, fourteenth and fifteenth aspects of 
the present invention, wherein signal input terminals are 
arranged locally in a predetermined area. 

25 Thus, when the signal input terminals are locally 

arranged, the influence of the positional shift between the 



signal input terminals and the signal output terminals of the 
driver IC due to thermal expansion or thermal contraction is 
likely to be significant- Accordingly , the effect of 
maintaining a good contact between terminals and the effect 
of suppressing deterioration of the ink discharging 
performance as described above will be pronounced. 

A seventeenth aspect of the present invention is the 
sixteenth aspect of the present invention, wherein: a 
plurality of actuator columns are formed, each including a 
plurality of actuators arranged in a direction perpendicular 
to a scanning direction; the actuators of each actuator 
column are arranged so as to be shifted from the actuators of 
any other actuator column in the direction perpendicular to 
the scanning direction; and the signal input terminals of the 
actuators are arranged in the direction perpendicular to the 
scanning direction between the actuator columns in a central 
portion of a body part with respect to the scanning direction. 

Thus, since the signal input terminals are provided 
between the actuator columns in the central portion of the 
body part with respect to the scanning direction, the head is 
downsized over conventional heads where the signal input 
terminals are provided on the outer side of the actuator 
columns. In such a configuration where the signal input 
terminals of the actuators are arranged in the perpendicular 
direction , which is perpendicular to the scanning direction, 
the influence of thermal expansion or thermal contraction in 
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the perpendicular direction is usually substantial, whereby 
the contact between the signal input terminals and the signal 
output terminals is likely to deteriorate. Thus, the effect 
of maintaining a desirable contact between terminals as 
5 described above is pronounced. Moreover, the effect of 
suppressing deterioration of the ink discharging performance 
will also be pronounced. 

An eighteenth aspect of the present invention is the 
ninth or fifteenth aspect of the present invention, wherein a 

j40 signal input terminal of each actuator is provided near the 

12 actuator . 

Q Thus, the signal lines for connecting the signal 

fg input terminals and the actuators to each other can be 

M- shortened. Moreover, by providing each signal input terminal 

f|5 near an actuator so as to be continuous with the separate 
S3 electrode of the actuator, it is possible to eliminate the 

signal line. Therefore, the space for arranging the signal 
lines is reduced or eliminated, thereby downsizing the head* 
Since it is even more concerned in such a high-density 
20 configuration that contact failure between the signal input 
terminals and the signal output terminals might occur due to 
thermal expansion or thermal contraction, the effect of 
maintaining a desirable contact between terminals will be 
pronounced. Moreover, the effect of suppressing 

25 deterioration of the ink discharging performance will also be 
pronounced. 
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A nineteenth aspect of the present invention is the 
fourteenth or fifteenth aspect of the present invention, 
wherein a difference between a coefficient of linear 
expansion of at least a driver IC side portion of the head 
body and that of the driver IC is 123xl0" 7 [ 1/°C] or less. 

Thus, contact failure between terminals is prevented, 
and deterioration of the ink discharging performance is also 
prevented - 

A twentieth aspect of the present invention is the 
fourteenth or fifteenth aspect of the present invention, 
wherein: the head body is formed in a thin-plate-like 
generally rectangular solid shape; the actuators are provided 
on a surface of the head body; the driver IC is attached to a 
portion of the surface of the head body in a longitudinal 
direction of the head body; and a front surface side of the 
head body undergoes a compression shear force due to thermal 
deformation from the driver IC, thereby bending the head body 
into a concave shape. 

Thus, the rigidity of the actuators is prevented from 
being excessive due to a residual stress caused by a thermal 
distortion, and discharge failure, at least those that make 
it difficult to form a solid image, is prevented. 

A twenty-first aspect of the present invention is any 
one of the eighth, ninth, fourteenth and fifteenth aspect of 
the present invention, wherein the ink jet head is a line 
type head. 
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Since a line type head is very long in the 
longitudinal direction, contact failure between terminals and 
deterioration of the discharging performance are likely to 
occur due to even a slight difference between the amount of 
5 thermal deformation of the head body and that of the driver 
IC. Therefore , the effect of maintaining a desirable contact 
and the effect of stabilizing the ink discharging performance 
of the present invention are pronounced. 

According to a twenty-second aspect of the present 

r |0 invention , there is provided an ink jet type recording 

£3 

fl apparatus , including: the ink jet head of any one of the 

. ?3 

Lj first to twenty-first aspects of the present invention; and 

IQ movement means for relatively moving the ink jet head and a 

M recording medium with respect to each other- 

fl 5 As described above, according to the present 

is; 

□ invention, the signal input terminals of the actuators are 

arranged locally between the actuator columns, or near the 
respective actuators, and the driver IC is mounted on the 
head body by face down bonding- Therefore, it is not 

20 necessary to provide a space for mounting the driver IC, a 
space for providing the signal input terminals, and a space 
for providing signal lines for connecting the actuators and 
the signal input terminals to each other, in an area remote 
from the actuators, whereby it is possible to downsize the 

25 head and to increase the dot density. 

Moreover, according to the present invention, at 
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least the driver IC side portion of the head body is made of 
the same material as the driver IC, or a material whose 
coefficient of linear expansion is substantially equal to 
that of the driver IC, whereby when the driver IC is mounted 
5 on the head body, the amount of displacement due to thermal 
deformation can be made substantially equal between the 
signal input terminals and the signal output terminals, and 
it is thus possible to prevent the signal input terminals and 
the signal output terminals from being positionally shifted 
f|o from each other- Therefore, it is possible to maintain a 
tl desirable contact between the signal input terminals and the 

Lg signal output terminals even if the density of the head 

in 

lO increases, thereby improving the reliability and the yield. 

m» Moreover, it is possible to suppress deterioration of the ink 

fl}5 discharging performance due to thermal deformation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view illustrating an 
important part of an ink jet printer. 
20 FIG. 2 is a perspective view illustrating an ink jet 

head. 

FIG. 3 is a cross-sectional view (taken along line A- 
A of FIG. 10) illustrating an ink jet head. 

FIG. 4 is a diagram illustrating the surface of a 
25 head body of an ink jet head. 

FIG. 5 is a partially exploded perspective view 



illustrating an important part of an ink jet head. 

FIG. 6 is a plan view illustrating the shape of an 
opening of a pressure chamber depression of a head body 
(which is also the shape of an actuator). 

FIG* 7 is a cross-sectional view (taken along line Z- 
Z of FIG - 8) illustrating a head body. 

FIG. 8 is a diagram illustrating the surface of a 
head body, showing an arrangement pattern of actuators and 
input terminals. 

FIG. 9 is a plan view illustrating a driver IC, 
showing an arrangement pattern of output terminals. 

FIG. 10 is a diagram illustrating the surface of an 
ink jet head with a driver IC being mounted thereon. 

FIG. 11 is a diagram illustrating a step in the 
production of an ink jet head- 

FIG. 12 is a diagram illustrating a step in the 
production of an ink jet head. 

FIG. 13 is a cross-sectional view illustrating an ink 
jet head. 

FIG. 14 is a diagram illustrating the surface of an 
ink jet head. 

FIG. 15 is a diagram illustrating the surface of a 
head body of an ink jet head. 

FIG. 16 is a plan view illustrating an arrangement 
pattern of output terminals of a driver IC. 

FIG. 17(a) to FIG. 17(c) are diagrams illustrating 
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flexural deformation of an ink jet head due to a residual 
stress . 

FIG. 18 is a perspective view illustrating an 
important part of an ink jet printer. 

FIG. 19 is a plan view illustrating a conventional 
way of mounting a driver IC on an ink jet head. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will now be 
described with reference to the drawings. 

<Embodiment 1> 

- Configuration of ink jet printer - 

As illustrated in FIG. 1, an ink jet printer 6 is a 
recording apparatus, including an ink jet head 1 for 
recording information by utilizing a piezoelectric effect of 
piezoelectric elements , in which information is recorded by 
discharging ink droplets from the ink jet head 1 so as to 
strike a recording medium 4 such as paper. The ink jet head 
1 is mounted on a carriage 2, which is reciprocated along a 
carriage shaft 3, so as to be reciprocated in the primary 
scanning direction X parallel to the carriage shaft 3. The 
recording medium 4 is appropriately carried by rollers 5 in 
the secondary scanning direction Y. 

- Configuration of ink jet head - 



As illustrated in FIG. 2 and FIG. 3, the ink jet head 

1 of Embodiment 1 includes a head body 11 and a driver IC 13. 
A plurality of nozzles 23 (see FIG. 5) for discharging ink 
and a plurality of pressure chambers 12 and actuators 14 
arranged so as to respectively correspond to the nozzles 23 
are formed in the head body 11. The driver IC 13 is made of 
a silicon (Si), which is a semiconductor material, and the 
driver IC 13 is provided with a driving circuit (not shown) 
for supplying a driving signal to the actuators 14. The 
driver IC 13 is mounted on the head body 11 by flip chip 
bonding - 

As illustrated in FIG. 2, the head body 11 is formed 
in a thin-plate-like generally rectangular solid shape having 
a length of 20 mm, a width of 10 mm and a thickness of about 
0.9 mm. On the other hand, the driver IC 13 has a shape 
elongated in one direction. Specifically, it is formed in a 
rectangular solid shape having a length of 20 mm, a width of 

2 mm and a thickness of 0.4 mm. 

As illustrated in FIG. 4, on the surface of the head 
body 11,8 actuators 14 are arrayed in the primary scanning 
direction X so as to form 8 actuator columns 14A to 14D and 
14A to 14D each extending in the secondary scanning direction 
Y. The 8 actuator columns include 4 right-side actuator 
columns 14A to 14D and 4 left-side actuator columns 14A to 
14D. Note that only 12 actuators are shown for each actuator 
column for ease of understanding, each actuator column 



actually includes 40 actuators for recording information with 
a resolution of 600 dpi. 

While the right-side actuator columns and the left- 
side actuator columns are slightly shifted from each other in 
the secondary scanning direction Y, they are arranged 
generally in axisymmetry, and each include the central 
actuator column 14A and the first, second and third outer 
actuator columns 14B, 14C and 14D. Input terminals 37 of the 
actuators 14 to be described later are arranged locally 
between the right-side actuator columns and the left-side 
actuator columns (strictly speaking, between the left-side 
and right-side central actuator columns 14A and 14A) - The 
input terminals 37 of the actuators 14 form 4 columns of 
input terminals each extending along a straight line in the 
secondary scanning direction Y . The specific arrangement 
pattern of the actuators 14 and the input terminals 37 will 
be described later. 

Data input terminals 51 and 51 to be connected to 
driving signal lines (not shown) extending from the printer 
body are provided in a lower left area of the head body 11 in 
FIG. 4. On the other hand, power supply terminals 53 and 53 
are provided in a lower right area of the head body 11, and 
connection terminals 52 and 54 are provided in a lower 
central area of the head body 11. The data input terminals 
51 and the connection terminals 52 are connected to each 
other via signal lines 55. The power supply lines 53 and the 



connection terminals 54 are connected to each other via 
signal lines 56. 

FIG. 5 is a diagram illustrating a single unit 
including the pressure chamber 12, the actuator 14, etc. As 
illustrated in FIG. 5, the head body 11 includes a body part 
41 and the actuator 14 . The body part 41 includes a first 
plate 15 in which a through hole for forming a pressure 
chamber is provided, a second plate 18 in which an ink supply 
port 16 and an ink discharge port 17 are provided, third and 
fourth plates 21 and 22 for forming an ink reservoir 19 and 
an ink discharge channel 20, and a nozzle plate 24 in which 
an ink discharge aperture 23 is formed. These plates are 
stacked on one another in this order. Specifically, a 
pressure chamber depression 25 having the ink supply port 16 
and the ink discharge port 17 on the bottom surface thereof 
is formed by the first plate 15 and the second plate 18, and 
the ink reservoir 19 connected to the ink supply port 16 and 
the ink discharge channel 20 connected to the ink discharge 
port 17 are formed by the second, third and fourth plates 18, 
21 and 22, with the ink discharge channel 20 being connected 
to the nozzle 23 of the nozzle plate 24. The actuator 14 is 
provided on the first plate 15 so as to cover the opening of 
the pressure chamber depression 25, thereby forming the 
pressure chamber 12. 

The first plate 15, which is the uppermost plate (the 
plate closest to the driver IC 13) among the various plates 



of the body part 41, is made of the same material as the 
driver IC 13. Specifically, the first plate 15 is made of 
silicon (Si). Note that the other plates such as the second 
plate 18 may also be made of a silicon, or the entirety of 
the body part 41 may be made of silicon. 

As illustrated in FIG- 6, the shape of the opening of 
the pressure chamber depression 25 is an oval shape such that 
the ratio L/S between the longer axis L and the shorter axis 
S is 1 to 3 and such that the longer axis L is parallel to 
the primary scanning direction X. 

As illustrated in FIG- 7, each actuator 14 includes a 
vibration plate 31 provided on the surface of the first plate 
15 so as to cover a large number of pressure chamber 
depressions 25, a piezoelectric element 32 provided on a 
movable portion 31A of the vibration plate 31 forming one 
wall surface of each pressure chamber 12, and a separate 
electrode 33 provided on the piezoelectric element 32. The 
vibration plate 31 is made of Cr or a Cr-based material and 
has a thickness of 1 to 5 fxm, and also functions as a common 
electrode for discharging ink in all the pressure chambers 12. 
In contrast, the piezoelectric elements 32 and the separate 
electrodes 33 are individually provided for the respective 
pressure chambers 12. The piezoelectric element 32 is made 
of PZT and has a thickness of 1 to 7 urn. The separate 
electrode 33 is made of Pt or a Pt-based material and has a 
thickness of 1 jxm or less, e.g., 0.1 urn. The piezoelectric 
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element 32 and the separate electrode 33 above the pressure 
chamber depression 25 are formed in an oval shape that is one 
size smaller than the opening of the pressure chamber 
depression 25. Note that 35 in FIG. 7 is an insulative 
5 member for preventing short-circuiting between adjacent 
separate electrodes 33 and 33 or between the separate 
electrode 33 and a conductor 36 to be described later. For 
example, a resin, or the like, may suitably be used as such 
an insulative member. For ease of illustration, the 
f 40 insulative material 35 is not shown except in FIG. 7. 
12 The piezoelectric elements 32 and the separate 

Q electrodes 33 individually provided for the respective 

m pressure chambers 12 are aligned with each other to draw the 

M same pattern on the surface of the vibration plate 31. The 

fUL5 piezoelectric element 32 and the separate electrode 33, 
Q together with the movable portion 31A of the vibration plate 

31/ form the actuator 14 for applying an ink discharging 
pressure to the pressure chamber 12 by deforming the movable 
portion 31A. Next, a specific arrangement pattern of the 
20 actuators 14 will be described with reference to FIG. 8. 

FIG. 8 illustrates the 4 columns on the right side in 
FIG. 4 among the 8 actuator columns, and each actuator 14 is 
provided so that the longer axis L is perpendicular to the 
column direction (the secondary scanning direction Y) . The 
25 actuators of each of the actuator columns 14A to 14D are 
shifted, with respect to the secondary scanning direction Y, 
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from the actuators 14 of any other actuator column. 
Specifically, each actuator 14 of the first outer actuator 
column 14B is arranged between adjacent actuators 14 and 14 
of the central actuator column 14A with respect to the 
secondary scanning direction Y. The positional relationship 
between the central actuator column 14A and the first outer 
actuator column 14B is similar to that between the first 
outer actuator column 14B and the second outer actuator 
column 14C, and that of the second outer actuator column 14C 
and the third outer actuator column 14D. Thus, the large 
number of actuators 14 are arrayed in a plurality of columns 
extending in the secondary scanning direction Y and are 
arranged in a so-called "staggered pattern" such that the 
actuators of a column are shifted from the actuators of an 
adjacent column. It should be noted that the actuators 14 , 
14, of the actuator columns 14A to 14D are never aligned 

with one another along the same straight line perpendicular 
to the secondary scanning direction Y, but are arranged so as 
to be slightly shifted from one another in the column 
direction Y. This is for shifting the dot positions from one 
another in the secondary scanning direction. 

Note that the 4 left-side columns shown in FIG. 4 are 
also arranged in a staggered pattern as are the 4 right-side 
columns, and also in the 4 left-side columns, the actuators 
14 of each actuator column are arranged so as to be slightly 
shifted in the column direction Y from the actuators 14 in 



any other actuator column. Moreover, each actuator 14 in the 
4 left-side actuator columns is also shifted in the column 
direction from, and not aligned along the same straight line 
with, any actuator 14 in the 4 right-side actuator columns. 
Thus, each actuator 14 in a total of 8 actuator columns is 
slightly shifted in the column direction from, and not 
aligned along the same straight line with, any other actuator 
14 in any other actuator column, so as to increase the dot 
density by shifting the dot positions from one another in the 
secondary scanning direction. Note that the left-side and 
right-side central actuator columns 14A and 14A correspond 
respectively to "first central actuator column" and "second 
central actuator column" as used in the present invention. 

The piezoelectric elements 32 and the separate 
electrodes 3 3 individually provided for the respective 
pressure chambers 12 extend in the central portion (the left 
end portion in FIG. 8) of the head body 11 while being 
aligned with each other, and the extensions thereof form 
conductors (signal lines) 36 for transmitting driving signals. 
Moreover, a tip portion of each conductor 36 forms an input 
terminal 37 of the actuator 14 having a width larger than 
that of the conductor 36. The conductor 36 of the actuator 
14 of an outer actuator column is arranged to pass between 
adjacent actuators 14 and 14 of the next inner actuator 
column. 

The input terminals 37 of the actuators 14 of the 



central actuator column 14A and the first outer actuator 
column 14B are arranged on the same straight line extending 
in the secondary scanning direction. Moreover, the input 
terminals 37 of the actuators 14 of the second outer actuator 
column 14C and the third outer actuator column 14D are 
arranged on the same straight line extending in the secondary 
scanning direction , slightly away in the primary scanning 
direction from the input terminal column of the actuators 14 
of the central actuator column 14A and the first outer 
actuator column 14B. Thus, the input terminals 37 of the 
actuators 14 of the actuator columns 14A to 14D form two 
input terminal columns extending in the secondary scanning 
direction Y. Note that the arrangement of the input 
terminals 37 as described above is similar for the 4 left- 
side columns, whereby 4 input terminal columns are formed for 
the entire head. 

As described above, in the ink jet head 1, the large 
number of actuators 14 are arranged in a plurality of columns 
and in a staggered pattern so as to maximize the density 
thereof. Moreover, each space between adjacent actuators 14 
and 14 of each actuator column is used as a space for 
providing the conductor 36 of an actuator 14 of another 
actuator column. For example, since three actuator columns 
14B, 14C and 14D are provided on the outer side of the 
central actuator column 14A, three conductors 36 pass between 
adjacent actuators 14 and 14 of the central actuator column 



14A (see FIG. 7) - 

As illustrated in FIG. 9, a plurality of output 
terminals 42 are arranged on the counter surface of the 
driver IC 13 so as to respectively correspond to the input 
terminals 37 of the actuators 14 of the head body 11. 
Specifically, the driver IC 13 is provided with 4 output 
terminal columns extending in the secondary scanning 
direction so as to respectively correspond to the 4 input 
terminal columns of the head body 11. Note that while FIG. 9 
show a reduced number of output terminals 42 again for ease 
of understanding, 320 output terminals 42 are actually 
provided. Connection terminals 43 and 44 are provided on the 
lower end portion of the counter surface of the driver IC so 
as to respectively correspond to the connection terminals 52 
and 54 of the head body 11. 

The driver IC 13 is mounted on the head body 11 by 
flip chip bonding so that the output terminals 42 and the 
input terminals 37 respectively contact each other, the 
connection terminals 52 and the connection terminals 44 
respectively contact each other, and the connection terminals 
54 and the connection terminals 43 respective contact each 
other, as illustrated in FIG. 3 and FIG. 10. 

- Method for producing ink jet head - 

Next, a method for producing an ink jet head 1 will 
be described. First, as illustrated in FIG. 11, a platinum 



32 



(Pt) layer 33A, a PZT layer 32A and the vibration plate 31 
made of Cr are deposited in this order on a surface of a 
substrate 61 made of magnesium oxide (MgO) by sputtering, or 
the like, and then bonded to the body part 41 by using an 
5 adhesive such as an epoxy resin so that the vibration plate 
31 faces the pressure chamber depressions 25. Note that the 
body part 41 is formed in advance by bonding the first plate 
15, the second plate 18, the third plate 21, the fourth plate 
22 and the nozzle plate 24 on one another in this order by 
l%0 using an adhesive such as an epoxy resin. Each plate such as 
H the first plate 15 is formed by providing a through hole, or 

hj the like, in a silicon substrate by etching such as 

rg anisotropic etching. Note that means for securing the 

M vibration plate 31 and the body part 41 to each other, and 

fi§5 means for securing the plates of the body part 41 to one 
C3 another, are not limited to an adhesive as described above. 

Then, as illustrated in FIG. 12, the substrate 61 is 
removed, and then the platinum layer 33A and the PZT layer 
32A are patterned by etching, or the like, so as to form a 
20 plurality of actuators 14 respectively corresponding to the 
pressure chambers 12, the conductors 36 and the input 
terminals 37. Then, a portion of the vibration plate 31 
between the central input terminal columns is removed. Thus, 
the head body 11 is formed. 
25 Then, solder bumps are formed on the input terminals 

37 of the head body 11 or on the output terminals 42 of the 
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driver IC 13, for example, and the driver IC 13 is connected 
to the head body 11 by flip chip bonding, thus obtaining the 
ink jet head 1. 

In the flip chip bonding process, heat is applied for 
5 melting the solder. Therefore, the head body 11 and the 
driver IC 13 thermally expand due to the heating, and then 
thermally contract along with the subsequent decrease in 
temperature. Nevertheless, in the ink jet head 1 of the 
present embodiment, at least the first plate 15, which is 
r l0 located on the uppermost side of the body part 41 of the head 

c5 

i2 body 11/ is made of the same material (silicon) as the driver 

. :=t 

Ly IC 13, whereby the degree of thermal expansion and thermal 

-JO contraction of the input terminals 37 is substantially the 

M* same as that of the output terminals 42. As a result, there 

fU.5 is substantially no positional shift between the input 
Q terminals 37 and the output terminals 42 due to thermal 

expansion and/or thermal contraction- Therefore, while the 
head is downsized, the output terminals 42 do not peel off 
from the input terminals 37, and a desirable contact between 
20 the input terminals 37 and the output terminals 42 is 
maintained. Similarly a desirable contact is achieved 
between the connection terminals 44 and 52 and between the 
connection terminals 43 and 54. As a result, according to 
the present embodiment, the reliability is improved and the 
25 yield is increased. 

Moreover, a residual stress does not occur between 
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the head body 11 and the driver IC, and the head body 11 does 
not undergo an extra compression shear force or tensile shear 
force from the driver IC. Therefore, the ink discharging 
performance does not deteriorate. 
5 Note that while only the first plate 15 may be made 

of the same material as the driver IC 13, one or more or all 
of the second, third and fourth plates 18, 21 and 22, or the 
entirety of the body part 41, may be made of the same 
material as the driver IC 13. Thus, the thermal deformation 
;jo followability of the input terminals 37 with respect to the 
^2 output terminals 42 is further improved/ and the connection 

[H between the input terminals 37 and the output terminals 42 

?n can be maintained at an even higher level. 

u As described above, according to the present 

fli5 embodiment, the input terminals 37 are arranged locally 
□ between the left-side actuator columns 14A to 14D and the 

right-side actuator columns 14A to 14D, and the driver IC 13 
is mounted on the head body 11 by face down bonding, whereby 
it is not necessary to provide a space for providing input 
20 terminals in an area remote from the actuators. Moreover, 
each space between adjacent actuators 14 and 14 of an 
actuator column is efficiently used as a space for providing 
the conductors 36, whereby it is not necessary to provide a 
space for providing conductors in an area remote from the 
25 actuators. Therefore, the head can be downsized over the 
prior art. 
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- Variation - 

As illustrated in FIG. 13 , the vibration plate 31 may 
be made of the same material as the driver IC 13. 
5 Specifically, the vibration plate 31 may be made of silicon. 
In this variation, common electrodes 39, the piezoelectric 
elements 32 and the separate electrodes 33 are deposited in 
this order on the vibration plate 31. In this variation, 
with such a configuration, each actuator 14 is formed by the 

£^0 movable portion of the vibration plate 31, the common 

C3 

^ electrode 39, the piezoelectric element 32 and the separate 

hi electrode 33. Note that the common electrode 39 and the 

Vf% 

CQ separate electrode 33 are made of platinum, and the 

h* piezoelectric element 32 is made of PZT. The thickness of 

Pit 5 the vibration plate 31 is preferably about 3 to 6 juih, and 
O more preferably 4 to 5 ^tm. 

In this variation, the vibration plate 31, on which 
the input terminals 37 are placed (in other words, the 
vibration plate 31, which supports the input terminals 37), 
20 itself is made of the same material as the driver IC 13, 
whereby the degree of thermal deformation of the vibration 
plate 31 matches with that of the driver IC 13, and the 
amount of relative displacement between the input terminals 
37 and the output terminals 42 becomes extremely small. 
25 Therefore, the connection between the input terminals 37 and 
the output terminals 42 is maintained even more desirably. 
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Thus, the head can be downsized without being restricted by 
the problem of the connection between terminals. 

<Embodiment 2> 

5 As illustrated in FIG. 14, in the ink jet head 1 

according to Embodiment 2, the driver IC 13 is mounted by a 
face up method, and the terminals of the driver IC 13 and the 
terminals of the head body 11 are connected together by wire 
bonding. 

f|0 In the present embodiment, the driver IC 13 is 

Q attached between the terminals 37 of the right-side actuator 

Ly columns and the terminals 37 of the left-side actuator 

l in 

m columns of the head body 11- In the attachment process, the 

M» entire reverse surface of the driver IC 13 may be attached to 

fi5 the head body 11, or may be attached in a dotted matter at 
Q two or more positions on the reverse surface. As in 

Embodiment 1, the driver IC 13 is made of silicon, and at 
least the first plate 15 of the head body 11 is made of 
silicon. Note that the configuration of the head body 11 is 
20 as that of Embodiment 1. 

Although not shown, the output terminals of the 
driver IC 13 are provided on the front surface side of the 
driver IC 13 . The output terminals of the driver IC 13 and 
the input terminals 37 of the head body 11 are connected 
25 together via wires 45. Moreover, the connection terminals 52 
for data input and the connection terminals 54 for power 



supply are also connected to the connection terminals of the 
driver IC 13 via the wires 45 . 

<Embodiment 3> 

As the density of the head increases, it is more 
difficult to provide the conductor 36 of an actuator 14 
between other actuators 14 and 14. In view of this, in the 
ink jet head of Embodiment 3, the arrangement pattern of the 
actuators 14 and the input terminals 37 is changed so that 
the conductors 36 are eliminated, as illustrated in FIG. 15. 

Specifically, in the present embodiment, as in 
Embodiment 1, 8 actuator columns are formed, and an actuator 
in any actuator column is arranged so as to be shifted in the 
column direction Y from any other actuator of any other 
actuator column. Moreover, in the present embodiment, the 
input terminal 37 of each actuator is arranged near the 
actuator 14 so as to be continuous with the actuator 14. 
With such an arrangement, the input terminal 37 is connected 
directly to the actuator 14, thus eliminating the conductors 
36. 

As illustrated in FIG. 16, the output terminals 42 
are arranged on the counter surface of the driver IC 13 in a 
pattern symmetrical to the arrangement pattern of the input 
terminals 37 of the actuators 14. The driver IC 13 is 
mounted on the head body 11 by flip chip bonding as in 
Embodiment 1 . 
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Therefore, according to the present embodiment, it is 
not necessary to provide the space for providing the 
conductors 36, and thus it is possible to further downsize 
the head without being restricted by the conductors 36, in 
addition to the effects obtained in Embodiment 1 . As a 
result, the density of the head can be further increased. As 
the density of the head is increased, the effect of the 
present invention of maintaining a desirable connection 
between the input terminals 37 and the output terminals 42 is 
even more pronounced. 

<Embodiment 4> 

In the preceding embodiments, at least the front 
surface side portion, or the entirety, of the body part 41 of 
the head body 11 is made of the same material as the driver 
IC 13. Alternatively, such a portion or the entirety of the 
body part 41 may be made of a material whose coefficient of 
linear expansion is substantially equal to that of the driver 
IC 13. Moreover, the vibration plate 31 may be made of a 
material whose coefficient of linear expansion is 
substantially equal to that of the driver IC 13. Also with 
such a configuration, it is possible to prevent contact 
failure between terminals and deterioration of the 
discharging performance due to thermal deformation - 



<Embodiment 5> 
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The present embodiment aims to suppress flexural 
deformation of the head body 11 due to a difference between 
the coefficient of linear expansion of the head body 11 and 
that of the driver IC 13 . 
5 In a case where the head body 11 is more likely to 

thermally expand than the driver IC 13 , or in a case where 
the head body 11 is less likely to thermally contract than 
the driver IC 13, the head body 11 undergoes a compression 
shear force from the driver IC 13 so as to bend into a 
J=|o concave shape as illustrated in FIG. 17(b). When the 

Q 

i2 compression shear force on the head body 11 is excessive, the 

|y ink discharging directions of the nozzles at both ends of the 

C8 head body 11 are inclined. Therefore, the striking positions 

U of ink droplets discharged from the nozzles at both ends of 

f|5 the head body 11 are likely to be shifted from the intended 

Q positions. Moreover, the actuators of the head body 11 

-•=5 

become more flexible due to the compression shear force 
acting thereon. Thus, the rigidity thereof decreases. As a 
result, the amount of ink to be discharged increases, whereby 
20 a tendency of ink dots to be larger is observed. Moreover, 
the resonance frequency decreases, whereby the driving 
frequency decreases, and the printing speed is likely to 
decrease. 

On the other hand, in a case where the head body 11 
25 is less likely to thermally expand than the driver IC 13, or 
in a case where the head body 11 is more likely to thermally 
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contract than the driver IC 13, the head body 11 undergoes a 
tensile shear force from the driver IC 13 so as to bend into 
a convex shape as illustrated in FIG. 17(c). When the 
tensile shear force on the actuator is excessive, the ink 
discharging directions of the nozzles at both ends of the 
head body 11 are inclined, as in the case where it undergoes 
an excessive compression shear force. Therefore, also in 
such a case, the striking positions of ink droplets 
discharged from the nozzles at both ends of the head body 11 
are likely to be shifted from the intended positions. 
Moreover, the actuators of the head body 11 become less 
flexible due to the tensile shear force acting thereon. Thus, 
the rigidity thereof increases. Therefore, the amount of ink 
to be discharged is likely to decrease, thereby reducing the 
size of ink dots and thus blurring the characters. If the 
tensile shear force acting on the actuators is considerably 
large, it is possible that no ink at all is discharged from 
the nozzles at both ends of the "head body 11. However, when 
an actuator undergoes a tensile shear force, the resonance 
frequency increases, whereby the driving frequency increases. 
Therefore, it may provide favorable effects in terms of the 
printing speed if the tensile shear force is not excessive. 

In contrast, in a case where the amount of thermal 
deformation of the driver IC 13 is about the same as that of 
the head body 11, no extra stress is exerted, whereby the 
head body 11 will not bend, as illustrated in FIG. 17(a). 
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The amount of thermal deformation of the driver IC 13 
and the head body 11 is larger as the temperature difference 
between the environmental temperature during the process of 
attaching them to each other (hereinafter referred to as the 
5 "environmental temperature at attachment") and the operating 
temperature of the ink jet head is larger. Moreover, it is 
larger as the difference between the coefficient of linear 
expansion of the driver IC 13 and that of the head body 11 is 
larger. Embodiment 4 provides a modification for reducing 

ll 0 the difference in coefficient of linear expansion. In 

Q 

u contrast, the present embodiment aims to suppress the 

*y 

bj flexural deformation of the head body 11 by reducing the 

I 

m temperature difference between the environmental temperature 

f=A at attachment and the operating temperature. 

f!15 Specifically, in the present embodiment, the 

£3 attachment of the driver IC 13 and the head body 11 to each 

other is done under an environment at an intermediate 
temperature substantially in the middle of the guaranteed 
operating temperature range of the ink jet head. For example, 
20 when the guaranteed operating temperature range is 5 to 45 °C, 
the attachment is done under a temperature environment at 
25°C or around 25°C. 

In this way, even if the operating temperature of the 
ink jet head changes, the temperature difference between the 
25 environmental temperature at attachment and the operating 
temperature remains to be relatively small, whereby it is 
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possible to suppress the amount of thermal deformation of the 
head body 11 and the driver IC 13 to be small. Therefore r 
the flexural deformation of the head body 11 is suppressed , 
and the ink discharging performance can be desirably 
5 maintained- In other words, it is possible to stably provide 
a predetermined level of ink discharging performance. 

Note that while the guaranteed operating temperature 
range is assumed to be 5 to 45°C in the present embodiment, 
the guaranteed operating temperature range varies depending 

^iO on the specification of the ink jet head, etc. Therefore, 

£3 

the intermediate temperature of the guaranteed operating 

v 1 temperature range is not limited to 25 °C. Generally, effects 

iy 

I:fl 

as described above can be obtained by setting the 
j\ environmental temperature at attachment to be 15 to 30 °C. 




<Embodiraent 6> 

r— 

When the difference between the coefficient of linear 
expansion of the driver IC 13 and that of the head body 11 is 
relatively large, there are cases where the flexural 

2 0 deformation of the head body 11 is unavoidable even if the 
difference between the environmental temperature at 
attachment and the operating temperature is small. As 
described above, when the head body 11 bends into a convex 
shape, the amount of ink to be discharged is likely to be 

25 insufficient, whereby the recording area in a so-called 
"solid image" may not be painted completely. in contrast, 



when the head body 11 bends into a concave shape, the amount 
of ink to be discharged is likely to be excessive, but 
blurring of characters or incomplete painting of a recording 
area will not occur. In other words, the print itself will 
not be incomplete. In view of this, in the present 
embodiment, the environmental temperature at attachment is 
set so that the head body 11 bends into a concave shape, 
whereby at least the printing operation itself can be 
performed even if the operating temperature changes . 

Specifically, in a case where the coefficient of 
linear expansion of the head body 11 is larger than that of 
the driver IC 13, the environmental temperature at attachment 
is set to be the lowest temperature within the guaranteed 
operating temperature range. For example, when the 

guaranteed operating temperature range is 5 to 45 °C, the 
environmental temperature at attachment is set to be 5°C. In 
this way, the head body 11 is always under a compression 
shear force from the driver IC 13, whereby the actuators will 
also be under the compression shear force. As a result, the 
rigidity of the actuators decreases , and the actuators become 
more flexible. Therefore, the amount of discharge will not 
decrease, whereby it is possible to prevent the print itself 
from being incomplete. 

On the other hand, in a case where the coefficient of 
linear expansion of the head body 11 is smaller than that of 
the driver IC 13 , the environmental temperature at attachment 
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is set to be the highest temperature within the guaranteed 
operating temperature range. For example , when the 

guaranteed operating temperature range is 5 to 45 °C, the 
environmental temperature at attachment is set to be 45 °C. 
5 Also in this case, the head body 11 is always under a 
compression shear force from the driver IC 13, and the 
rigidity of the actuators decreases- Therefore, it is 
possible to prevent the print itself from being incomplete. 

Note that the values of the lowest temperature and 
JJO the highest temperature are merely exemplary, and the 

f J 

12 environmental temperature at attachment is not limited to the 

j£j values above. The environmental temperature at attachment 

may suitably be set according to the specific value of the 
u guaranteed operating temperature range. For example, the 

fh5 environmental temperature at attachment in a case where the 
Q coefficient of linear expansion of the head body 11 is larger 

than that of the driver IC 13 may be 0 to 10°C. Moreover, 
the environmental temperature at attachment in a case where 
the coefficient of linear expansion of the head body 11 is 
20 smaller than that of the driver IC 13 may be 40 to 50°C. 
Also with these temperatures, it is possible to obtain 
effects substantially as those obtained in the preceding 
embodiments . 



25 



- Evaluation test - 

An evaluation test was conducted for the relationship 
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between the difference A k between the coefficient of linear 
expansion of the head body 11 and that of the driver IC 13 
and the printing performance by using an ink jet head having 
the configuration of Embodiment 1. In this test, silicon was 
5 used as the material of the driver IC 13. On the other hand, 
silicon, photosensitive glass, SUS304, polyphenylether and 
polyorefin were used for the first to fourth plates 15, 18, 
21 and 22 of the head body 11. 

Note that in the samples used in this test, the 
tjo coefficient of linear expansion of the head body 11 is larger 
11 than that of the driver IC 13, whereby the head body 11 bends 

rl into a concave shape when the operating temperature is on the 

in 

?q high temperature side in the guaranteed operating temperature 

L range (i.e., 25 to 45°C). Therefore, it is considered that 

f§5 there is less deterioration in printing performance as 
q compared to the lower temperature side in the temperature 

range (i.e., 5 to 25°C) for which the head body 11 bends into 
a convex shape. In view of this, it was evaluated whether a 
desirable solid image can be formed under the most stringent 
20 operating condition, i.e., when the operating temperature is 
equal to the lowest temperature (5°C) within the guaranteed 
operating temperature range. 

In the test, the amount of ink to be discharged was 
set to be 15 pi. First, a solid image was printed within a 
25 20 mmx20 mm frame at an operating temperature of 25°C (room 
temperature) to confirm that the inside of the frame can be 
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painted completely. Then, the operating temperature was 
changed to 5°C to evaluate whether the inside of the frame 
can still be painted completely. The evaluation results are 
shown in Table 1 . 

5 



Table 1 
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^ It was confirmed from the above test results that a 

%a desirable solid image can be formed when the difference A k 
pJO between the coefficient of linear expansion of the head body 
□ 11 and that of the driver IC 13 is at least 123xlO" 7 [l/°C] or 
less . 



<Embodiment 7> 

15 While the preceding embodiments are directed to a so- 

called "serial type" ink jet head, the present invention is 
not limited to the serial type ink jet head, but may 
alternatively be a so-called "line-type" ink jet head. 

For example, it is possible to apply the present 

20 invention to an ink jet head having independent line heads 
for four colors, as illustrated in FIG. 18. in FIG. 18, 61 



is a first line head for discharging a black ink (Bk), 62 is 
a second line head for discharging a cyan ink (C), 63 is a 
third line head for discharging a magenta ink (M), and 64 is 
a fourth line head for discharging a yellow ink (Y). A line 
head 65 of the present embodiment is obtained by assembling 
together the first to fourth line heads 61 to 64 so that the 
black, cyan, magenta and yellow inks are discharged in this 
order. The inks are respectively supplied to the line heads 
61 to 64 through ink tubes 70 connected to ink tanks 71. 

A recording medium 69 such as paper is carried by 
carrier rollers 68 in a carry direction XI perpendicular to a 
head width- direction Yl . A recording medium holding member 
66 for holding the recording medium 69 is provided below the 
line head 65 . The recording medium 69 makes a flat surface 
on the recording medium holding member 66 as it is placed 
under a tension by the carrier rollers 68 and feeding rollers 
67. 

Although not shown, in the line heads 61 to 64, the 
terminals of the driver IC and the terminals of the head body 
are connected to each other by flip chip bonding or wire 
bonding- Moreover, at least the driver IC side portion of 
the head body is made of the same material as the driver IC 
or a material whose coefficient of linear expansion is 
substantially equal to that of the driver IC. 

For a line head, since the total length thereof is 
longer than that of a serial type head, peeling off of 
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terminals due to thermal expansion or thermal contraction is 
more likely to occur, and the degree of bending of the head 
body is greater, whereby the ink discharging performance is 
more likely to deteriorate. Therefore, the effect of the 
present invention of preventing peeling off of terminals and 
deterioration of the discharging performance is particularly 
pronounced* 

INDUSTRIAL APPLICABILITY 

As described above, the present invention is useful 
in a recording apparatus, etc., which performs an ink jet 
type recording operation, such as a printer, a facsimile, and 
a copier- 



CLAIMS 

1. An ink jet head, comprising a head body which is 
provided with a plurality of nozzles and a plurality of 
pressure chambers and actuators respectively corresponding to 
the nozzles, and a driver IC for outputting driving signals 
for driving the actuators, wherein: 

the actuators are arranged on a surface of the head 
body in a plurality of columns so as to form a plurality of 
actuator columns; 

signal input terminals of the actuators are arranged 
locally in a predetermined area between the actuator columns; 

the driver IC is provided with signal output 
terminals arranged so as to respectively correspond to the 
signal input terminals of the actuators; and 

the driver IC is mounted on the head body by face 
down bonding so that the signal output terminals and the 
signal input terminals are connected to each other. 

2. The ink jet head of claim 1, wherein: 

each of the actuator columns extends in a direction 
perpendicular to a scanning direction; and 

the signal input terminals of the actuators are 
arranged in a direction perpendicular to the scanning 
direction on the surface of the head body in a central 
portion thereof with respect to the scanning direction. 

3. The ink jet head of claim 2, wherein: 

the actuator columns include a first central actuator 
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column and a second central actuator column adjacent to each 
other in a central portion of the head body with respect to 
the scanning direction, and one or more outer actuator column 
provided on an outer side of the central actuator columns 
5 with respect to the scanning direction; 

the signal input terminals of the actuators are 
arranged between the first central actuator column and the 
second central actuator column; and 

the actuators of each outer actuator column and the 
30 signal input terminals thereof are connected to each other by 
rT signal lines passing between actuators of one of the central 

{7% actuator columns . 

in 

?3 4. The ink jet head of claim 3, 

wherein the actuators of each actuator column are 
f|5 arranged at regular intervals so as to be shifted from the 
O actuators of any other actuator column in a direction 

perpendicular to the scanning direction. 

5. An ink jet head, comprising a head body which is 
provided with a plurality of nozzles and a plurality of 
20 pressure chambers and actuators respectively corresponding to 
the nozzles, and a driver IC for outputting driving signals 
for driving the actuators , wherein: 

the actuators are arranged on a surface of the head 

body; 

25 a signal input terminal of each actuator is provided 

on the surface of the head body near the actuator; 
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the driver IC is provided with signal output 
terminals provided so as to respectively correspond to the 
signal input terminals of the actuators; and 

the driver IC is mounted on the head body by face 
5 down bonding so that the signal output terminals and the 
signal input terminals are connected to each other. 

6. The ink jet head of claim 5, wherein: 

the actuators form a plurality of actuator columns 
each including a plurality of actuators arranged at regular 

r|0 intervals in a direction perpendicular to the scanning 

Q 

M, direction; and 

d the actuators of each actuator column are arranged so 

;0 as to be shifted from the actuators of any other actuator 

■j- column in the direction perpendicular to the scanning 

§5 direction- 

■2 7. The ink jet head of claim 4 or 6, 

wherein the actuators are arranged in a staggered 

pattern . 

8. An ink jet head, comprising a head body which is 
20 provided with a plurality of nozzles and a plurality of 
pressure chambers and actuators respectively corresponding to 
the nozzles, and a driver IC for outputting driving signals 
for driving the actuators, wherein: 

the driver IC is attached to the head body; and 
at least a driver IC side portion of the head body is 
made of the same material as the driver IC. 



25 
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9. An ink jet head, comprising a head body which is 
provided with a plurality of nozzles and a plurality of 
pressure chambers and actuators respectively corresponding to 
the nozzles, and a driver IC for outputting driving signals 
5 for driving the actuators, wherein: 

the driver IC is mounted on the head body by flip 
chip bonding; and 

at least a driver IC side portion of the head body is 
made of the same material as the driver IC. 
JlO 10. The ink jet head of claim 9, wherein: 

the head body includes a body part provided with a 
iTi plurality of nozzles and a plurality of pressure chamber 

ffi depressions respectively corresponding to the nozzles; 

l± each actuator includes a vibration plate provided on 

a surface of the body part so as to cover the pressure 
rg chamber depressions to define pressure chambers, 

piezoelectric elements individually provided on the surface 
of the vibration plate so as to respectively correspond to 
the pressure chambers, and separate electrodes provided on 
20 one side of the piezoelectric elements; 

signal input terminals to be connected to signal 
output terminals of the driver IC are respectively connected 
to the separate electrodes of the actuators; and 

at least a front side portion of the body part is 
25 made of the same material as the driver IC. 

11. The ink jet head of claim 9, wherein: 
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the head body includes a body part provided with a 
plurality of nozzles and a plurality of pressure chamber 
depressions respectively corresponding to the nozzles; 

each actuator includes a vibration plate provided on 
5 a surface of the body part so as to cover the pressure 
chamber depressions to define pressure chambers, and 
piezoelectric elements individually provided on the surface 
of the vibration plate so as to respectively correspond to 
the pressure chambers, each piezoelectric element being 
rfO sandwiched between a common electrode and a separate 
H electrode; 

7?, signal input terminals for connecting the separate 

in 

fjj electrodes of the actuators respectively to signal output 

JV terminals of the driver IC are provided on the surface of the 

rf! : 5 vibration plate; and 

ssjss 

q the vibration plate is made of the same material as 

the driver IC. 

12. The ink jet head of claim 10 or 11 , 

wherein an entirety of the body part is made of the 
20 same material as the driver IC. 

13. The ink jet head of claim 8 or 9, 
wherein the driver IC is made of silicon. 

14. An ink jet head, comprising a head body which is 
provided with a plurality of nozzles and a plurality of 

25 pressure chambers and actuators respectively corresponding to 
the nozzles, and a driver IC for outputting driving signals 
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for driving the actuators, wherein: 

the driver IC is attached to the head body; and 

at least a driver IC side portion of the head body is 

made of a material whose coefficient of linear expansion is 

substantially equal to that of the driver IC. 

15. An ink jet head, comprising a head body which is 
provided with a plurality of nozzles and a plurality of 
pressure chambers and actuators respectively corresponding to 
the nozzles, and a driver IC for outputting driving signals 
for driving the actuators, wherein: 

the driver IC is mounted on the head body by flip 
chip bonding so that signal input terminals of the actuators 
and signal output terminals of the driver IC are connected to 
each other; and 

at least a driver IC side portion of the head body is 
made of a material whose coefficient of linear expansion is 
substantially equal to that of the driver IC. 

16. The ink jet head of any one of claims 8, 9, 14 

and 15, 

wherein signal input terminals are arranged locally 
in a predetermined area. 

17. The ink jet head of claim 16, wherein: 

a plurality of actuator columns are formed, each 
including a plurality of actuators arranged in a direction 
perpendicular to a scanning direction; 

the actuators of each actuator column are arranged so 
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as to be shifted from the actuators of any other actuator 
column in the direction perpendicular to the scanning 
direction; and 

the signal input terminals of the actuators are 
arranged in the direction perpendicular to the scanning 
direction between the actuator columns in a central portion 
of a body part with respect to the scanning direction. 

18. The ink jet head of claim 9 or 15, 

wherein a signal input terminal of each actuator is 
provided near the actuator, 

19. The ink jet head of claim 14 or 15, 

wherein a difference between a coefficient of linear 
expansion of at least a driver IC side portion of the head 
body and that of the driver IC is 123xl(T 7 [ 1/°C ] or less. 

20. The ink jet head of claim 14 or 15 f wherein: 

the head body is formed in a thin-plate-like 
generally rectangular solid shape; 

the actuators are provided on a surface of the head 

body; 

the driver IC is attached to a portion of the surface 
of the head body in a longitudinal direction of the head 
body; and 

a front surface side of the head body undergoes a 
compression shear force due to thermal deformation from the 
driver IC, thereby bending the head body into a concave shape. 

21. The ink jet head of any one of claims 8, 9, 14 
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and 15, 

wherein the ink jet head is a line type head. 
22. An ink jet type recording apparatus, comprising: 
the ink jet head of any one of claims 1 to 21; and 
5 movement means for relatively moving the ink jet head 

and a recording medium with respect to each other. 



